fixed in a head frame following the induction of anesthesia and initiation of artificial respiration.
The head is flexed slightly forward to facilitate exposure of the posterior fossa and placement of the outflow cannula. The periosteum and muscles attached to the frontal, parietal, and occipital bones are then exposed through a linear midsaggital skin incision extending from the most rostra1 portion of the cranium to the level of the second cervical vertebra. The muscles are detached from bone by electrocautery and hemostasis controlled with electrocoagulation. Bleeding from bone due to severed emissary vein is restrained with bone wax. Trephine openings are made in both parietal bones and the frontal and parietal bones removed after their separation from the underlying dura mater. In this manner, the intact dura mater is exposed from the most rostra1 portion of the anterior fossa to within a few millimeters of the transverse sinuses and the torcula. Venous bleeding from the superior saggital sinus is not compromised by this remnant of bone overlying the sinuses. The cerebral hemispheres are then exposed by incising the dura around the perimeter of the opening in the skull. After ligating the most rostra1 and caudal extremities of the saggital sinus, it can be removed in one piece with the attached dura. The cerebral hemispheres and portions of the basal ganglia are removed with suction and electrocoagulation ( Fig. 1 ). Great care is exercised in removing the occipital lobes which are closely applied to the quadrigeminal plate. This latter structure serves as an important landmark in locating the opening into the aqueduct. Meticulous hemostasis is necessary so that blood does not enter the aqueduct. In a few experiments, clotted blood in the aqueduct was responsible for lack of success in establishing a functioning perfusion system. Exposure of the posterior fossa dura is obtained by removing the occipital bones and the posterior elements of the first and second cervical vertebrae. The cerebellum and cisterna magna are exposed by opening the dura overlying the cerebellum and upper cervical cord.
Placement of injow and outflow tubes. The size and shape of the inflow cannula and the outflow tube are shown in Fig. 2 . The shape of the inflow cannula allows clearance through the cranial opening as well as maximum visualization of the aqueductal orifice. The polyethylene collar located a few millimeters from the tip of the cannula provides a tight seal with the anterior opening of the aqueduct (Fig. 1) . Utilizing a flat sucker tip, the third ventricle and thalami are effaced until the aqueductal orifice is visualized (Fig. 3 ). This level is just rostra1 to the exposed colliculi.
On visualization of this orifice, the inflow cannula is driven into position by a micrometer carriage (Figs. 4, 5) .
Exposure of the fourth ventricle follows incision of the posterior wall of the cisterna magna. The vermis of the cerebellum is retracted upward and the choroid plexus of the fourth ventricle removed bilaterally.
The outflow tube assembly is driven into position in the anterior part of the fourth ventricle by a micrometer drive assembly (Figs. 5, 6 ). The final position is anterior to the nodulus of the vermis (Fig. 1) . The anterior end of the polyethylene outflow tube is flared into a funnel shape which rests on the floor of the fourth ventricle (Figs. 1, 2) . The outflow tube terminates at a ramp holding the calibrated collection pipets (Figs. 1, 5) .
Perfusion solution. The composition of the perfusion solution is shown in Table 1 and compared with rabbit plasma and cerebrospinal fluid. The average values assigned to a dialysate of the plasma are based on distribution ratios given by Davson (9). Na and K concentrations were determined by flame photometry and chloride by the method of Schales and Schales (26). Total osmolarity was determined from freezing point determination (Advanced Instruments Co.) using distilled water and NaCl as standard solutions. The pH measurements were made with a recording pH electrometer. The perfusion solution is basically a Robinson phosphatebuffered solution (24) with additional quantities of Na (10.0 mEq/liter).
In addition to the constituents listed in Table 1 , the perfusion fluid contained inulin (4.5 mg/ 100 ml) with trace quantities of inulin-3H (10 &ml). Perfusion technique. A variable-speed pump (Sage Instrument Co.) was set to deliver 2.5 ~1 min-l of perfusion fluid from a l-ml tuberculin syringe. The pump was calibrated daily by measuring the time necessary to fill calibrated 25-or 50-~1 pipets (Drummond Scientific). These pipets, as determined by weight, were within 1% of their stated volume. After the pump was calibrated, the syringe outflow was switched into the experimental system. It took an average of 20-30 min to completely fill the aqueduct, fourth ventricle, and outflow tube. The effluent from the aqueductal-anterior fourth ventricular perfusion system was collected in calibrated 25-and 50+1 pipets. The rate of outflow (-ii,) was computed from the time necessary to fill the entire pipet. The collected samples were either emptied into a scintillationcounting vial or saved for electrolyte analysis. During the course of the average experiment, lo-15 timed 25-~1 samples were taken for analysis. At the end of each experiment, 3-4 timed 25-~1 samples were taken directly from the syringe to provide additional inflow rate (Vi) data, as well as activity of the labeled inulin (Ci) in the inflowing solution. The animals were sacrificed at the end of the experiments with an overdose of Nembutal.
A dilute solution of crystal violet (ca. 1.0 %) was then infused through the perfusion system. After removing the narrow ridge of bone overlying the transverse sinuses, the experimental system was opened longitudinally exposing the perfused area with the inflow and outflow tubes in place (Fig. 7) . The midbrain and medulla were then excised and removed in toto. A Polaroid color photograph (1 X) was taken of the stained lining of the perfusion area. Measurements of this area were made from the photographs with a planimeter.
Radioactivity analysis. The contents of the 25-111 pipets were expressed into a vial containing 10 ml of a toluenebase scintillation solution (6 g PPO/liter and 150 mg POPOP/liter) and 5 ml of a purified Triton X-100 solution (19). The pipets were then broken and placed into the scintillation vial. Counting of samples was accomplished in a scintillation spectrometer at ambient temperature.
The counting error was 0.2 % (2~).
RESULTS
Limits of precision. The average variation in the measured inflow and outflow rates, in any individual experiment, was 2.0 % or less (Fig. 8) . The inulin-3H counts in the effluent reached a steady state in approximately 45 min and rarely varied more than 2 % from the mean value over that period. All results in this paper are given as the mean + standard error of the mean (SEM).
Theoretical considerations. It has been shown that the diffusion of inulin from the ventricular system is negligible under normal conditions and that almost all inulin lost from a perfusion system is due to bulk absorption or dilution by newly formed fluid (13, 23, 25, 30) . In this present study, the radioactivity of the brain tissue adja- cent to the perfusion system was 1 .O % or less of the total activity which had passed through the aqueduct and anterior fourth ventricle during the course of an experiment. Therefore, the inulin clearance was assumed to primarily represent bulk absorption or leakage of the perfusate from the experimental system. It is most likely that this leakage of fluid occurred around the flared outflow tube. This leakage of bulk loss of fluid ($Q can be determined by the formula:
where Vi and V0 = rate of inflow and outflow (ml/min), respectively, and C; and Co -concentration of inulin-3H in the inflowing and outflowing fluid (counts/min per ml). In order to conserve fluid in this system, the amount of fluid entering the system plus any added within the perfusion system itself should equal the measured volume in the outflow plus any bulk loss or leakage. Therefore, where $ = rate of formation of cerebrospinal fluid (pl/min-l).
Rate of formation of cerebrospinal &id (I$). The results of 11 perfusion experiments are presented in Table 2 . In almost all animals, the rate of outflow (Vo) was in excess to the inflow rate (Vi). The rate of cerebrospinal fluid formation (vf) was determined from equation 2 after computing the rate of bulk absorption (va) based on inulin clearance (eq. I). The mean value of cerebrospinal fluid formation originating from the ventricular ependyma of the rabbit was found to be 0.33 pl/min per cm2 of ependymal surface (A,,). This represents a volume accretion which is some 13.0 % of the inflow rate. FJect of drugs in perf usate on CSF formation. Mihell the perfusion solution contained 0.05 mM 2,4dinitrophenol, the computed rate of CSF formation was some 60 % less than the control value of 0.33 ~1 cmV2 min-l (Table 3) . The presence of Diamox (50 mg/ 100 ml) in the perfusate did not affect the formation of fluid. EJect of intravenous Diamox on CSF formation (Table 4) . In three animals, after establishing a steady rate of fluid formation, Diamox was given intravenously (100 mg/kg) over a few minutes period. The observed slowing in the rate of fluid formation was generally apparent within 30 min and remained constant over a 30-to 60-min period. The effect of this drug on flow varied between 30-50 %.
Correlation of ventricular and choroidal ejendyma area and CSF formation (Table 5 ). The total area of the ventricular surface was measured in 10 rabbits by planimetry of photographs of the opened ventricular system. In the same animals, the choroid plexuses were removed from the lateral and fourth ventricles and weighed on the electrobalance (Cahn). It is very likely that our estimates of the total ventricular surface are somewhat low but still valuable for comparative purposes. In the rabbit, the ventricular ependyma area is 12.8 =t 0.32 cm2. The total choroid plexus weight is 22.8 =t 0.92 mg and the total area of choroidal epithelium, based on 0.36 cm2 mg-l of choroid plexus (29) bulk leakage) has been covered in great detail elsewhere (13, ZO), and appears to be supported by the results of this present study. It is difficult to place exact limits on the error introduced into the calculation of inulin clearance (V,) by the diffusion of this substance into brain tissue. In certain experiments, where a tight perfusion system was established, the inulin clearance was found to be 0.01 ~1 min-l. This may represent, within the limits of experimental precision, the maximum error due to inulin diffusion.
The volume and inulin-dilution measurements leave little doubt that newly formed fluid enters the perfusion system across the lining ventricular ependyma.
As mentioned previously, the experimental conditions under which fluid enters the perfusion system suggests that this occurs by a secretory process. This proposal is supported by the observed effect of intravenous Diamox and topical dinitrophenol on the formation of this fluid (Tables 3, 4 ). The limited effect of both drugs on the rate of CSF formation as a whole has been previously reported (2, 11, 20, 27). These results suggest that carbonic anhydrase activity is not a limiting factor in CSF production by ventricular ependyma or the intact cerebrospinal fluid system. Maren (17) has also shown this to be the case for secretory activity in the kidney, red cell, pancreas, stomach, ciliary process, and salt gland. This is in contrast to the maximum effect of Diamox on the secretory activity of the choroid plexus (29), where carbonic anhydrase activity is 30,000 times as high as the Q-K ATPase activity on a molar basis (28).
It is of some interest to compare the rate of CSF formation per unit area of ventricular ependyma or unit weight of choroid plexus with reported values for formation of the fluid as a whole in various species (5, 13, 22). In the goat CT a .ble 6) the total form 
